ENERGY TEST OF STABILITY.
81
f(x + h, y + Jt, 0 + Z.. I) — f(x, yy i) be a function capable of expansion in powers of h} &, I then (a) the terms of the first degree ^rnust vanish, and (6) those of the second must be essentially positive. Also we infer by analogy with the corresponding problem in Rational Mechanics that the first condition (a) is required for equilibrium., and condition (6) for stability; in other words we shall in general assume that
For equilibrium, the variation of the available energy must vanish to the first order.
For stability the variation of the available energy must be positive to the second order.
The first of these conditions may be stated in the following form: In the neighbourhood of any equilibrium state any small change may be regarded as perfectly reversible to the first order of small quantities.
This property is of fundamental importance as it shows that problems of thermodynamic equilibrium can in general be correctly solved by means of the methods of reversible thermodynamics alone. Most applications of thermodynamics depend on this fact.
89. Exceptional Cases. In applying the energy test of equilibrium and stability exceptional cases may occur, of which the following simple illustrations from elementary mechanics sufficiently indicate the nature. These exceptions must be borne in mind in any general treatment:
(a) State of Stable Equilibrium not unique, A heavy particle may be in stable equilibrium on the curve of Pig. 11 either at A, B, or C, although its potential energy is greater at IB than at At and greater at A than at C. Thus the condition of stability does not require the energy to have the least possible value but only to be less than Q" in neighbouring positions.                               ^g-u-
(b) The variation of energy does not vanish to the first order. When a weight rests with its base AS on a table a small angular displacement about A or B will produce a change" of the same order in the potential energy. "We might speak of the system as having
BRYAN, Thermodynamics.                                                                                    Qium or at the   surfaces  of  the   two   bodies.    At  the   same  time,  it  must   be remembered  that we have  not yet discussed the thermodynamics of the ether, which will be dealt with in Chapter X.
